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1 
INTRODUCTION 
Infestation of wild buckwheat (Polygonum Convolvulus L.) pre­
sents a serious problem on ma acres of agricultural land, especially 
in the spring wheat growing areas. Wild buckwheat is an annual, the 
seeds of which germinate at the same time as the spring-sown wheat. 
The weed climbs on the wheat plant and is not effectively shaded by 
the crop. Wild buckwheat is not effectively controlled with phenoxy 
type herbicides. The most susceptible stage of growth for the weed is 
the 2-leaf stage while the most tolerant stage for spring wheat is the 
5-leaf to early boot st ge. Since the susceptible stage for the weed 
has passed before the crop reaches its tolerant stage, control of the 
weed is not very efficient. A better understanding of the effects of 
the weed on the components of yield and of the length of time required 
for these effects to become great enough to reduce yield should aid in 
devising better control measures, timing of control measures, and de­
tennining the amount of weed control required to reduce losses to a 
minimum. 
The purposes of this study are (1) to study the effect of different 
durations of competition of Polygonum Convolvulus L. on spring wheat, 
(2) to study the effect of different intensities of competition off. 
Convolvulus L. on spring wheat and (3) to study the effect of different 
levels of fertility on competition off. Convolvulus L. with spring 
wheat. 
2 
REVIEW OF LITERATURE 
The need for _information which will aid in developing control 
measures and timing of control measures has prompted competition· 
studies on many weed and crop combinations. The nature of the com­
petition of weeds with cultivated crops is a complicated phenomenon. 
As Pavlychenko and Harrington (26) point out, these plants live in 
the same enviro��ent and depend on light, nutrients,- moisture, and 
space from the same environment to maintain their production capaci­
ties. Thus it appears that there can be many interactions. Donald 
(13) states that a greater knowledge is needed of the response of a 
plant to its environment and the environ�ental stresses created by 
competitors to advance the understanding of competition. 
Pavlychenko and Harrington (26) indicate that a plant 1 s success 
in competition, regardless of whether it is a desirable crop or a 
weed, depends on the seed's uniformity of germination and readiness 
of germination in adverse as well as optimum moisture conditions, 
the ability of the piant to develop a large assimilation surface in 
the earl:y stages of grO\·rth, the plant I s possession of a large number 
of stomata, and a root system with the main roots penetrating· deeply 
and a mass of fiber roots close to the surface. 
Wild Buckwheat Germination and Production 
Forsberg and Best (1.4) in Saskatchewan, Canada., and Stevens (31�) 
in North Dakota found that the germination of seed of wild buckwheat 
reached a peak from May to early June. Forsberg and Best (14) reported 
3 
that the greatest emergence was obtained from se.ed planted at the 
0. 5- to 2-inch depth of soil. With emergence occurring throughout 
the growing season ; less than 15 p r  c ent of the original infestation 
emerged during the first 2½ years in the soil. The pattern of growth 
of. wild buckwheat is indeterminate, with flowers ,  immature seed, and 
mature seed occurring on the same plant. Each plant is capable of 
producing from 15,000 to 30,000 seeds, which is a contributing factor 
to the density of wild buc 1heat. 
Wild buckwheat is not as serious a p1�oblem in corn (Zea Mays L.), 
sweet clover, (Melilotus �· Mill. ) field peas (Pisum arvense (L.) 
Poir.) and rye ( Secale cereale L . ) ,  as  good control is usually obtained 
by smothering. Spring grain, especially wheat, is a very poor competi­
tor with wild buckwheat, since germination of both crop and weed occur 
at about the same time. T'ne wild buckwheat is not significantly shaded 
because it climbs the wheat ( 14, 3L�). Also contributing to its impor­
tance as a competitor is its rapid development of leaf area and dry 
weight . 
The Effects  of Comp etition for Light 
Blackman (5), working l'rith pastures composed of white clover 
(Trifoliu.m repens L.) and Bentgrass (Agrostis �-), found that when 
light was reduced to 60-63 per cent of daylight the clover content was 
_greatly reduced. Blaclmian and T6mpleman (6), studying competition for 
light in crops of oats (Avena sativa L.), wheat (Tritic m vulgare L.) 
and barley (Hordeum :!Ulgare L.) in comp etition with wild radish 
4 
(Raph�nus Raphanistrum L. ), found that a dense mat of wild radish 
caused a premature dying back of the older leaves of the three crop 
species and the stems were thin and chlorotic . At low weed densities, 
the light r eaching the lower leaves was not· · reduced to any great ex-
. . tent. The stem elongation caused straw weakness which resulted in 
severe lodging when tpe weed was removed at the flowering stage of 
the crop. This severe lodging resulted in significant yield reductions 
when compared to clean plots and plots in which the weed was left un­
disturbed. 
Donald (12), studying the interaction of competition for light 
and nutrients between two grass species, reports that the yield of 
the aggressor species was only slightly redu ced by competition for 
either factor alone and was not materially affected when competition 
for both factors was operative . The yield of the suppressed species 
· was reduced more when compet,ition for both light and nutrients was 
operative than when only one was in effect . 
The Effects of Competition for Nitrogen 
A study of the nitrogen and water factors in the competi�ion of 
snapweed (Impatiens parviflora DC.) with quackgrass  (Agropyron repens 
L. ) by Welbank (39) revealed that higher nitrogen levels did not affect 
the relative leaf growth-rate of snaIJ1reed . However, an abundant supply 
of water significantly reduced the competition effects on the relative 
leaf gro,..rth rate . Welbank (39) concluded that although co.1I1petition 
for nitrogen is a factor, the competition for water is more important 
under normal conditions. The same results with respect to nitrogen 
5 
were obtained by Blackman and Templeman (6) when .they used barley and 
oats as the test crop and vrild radish as the weed . The yield was not 
greatly affected by the addition of nitrogen to either the clean o_r 
the weedy crop. 
Blaclmian and Templeman (6) obtained decreased tiller and fertile 
shoot production and a reduced number of fertile grains per head with 
· low nitrogen levels for wild mustard (Brassica arvensis {L .)  Rabenk. ) 
grown in competition 'lrrith barley. The addition of nitrogen resulted 
in an increase in the number of tillers, shoots and . grains per head, 
,dth the same results obtained in the weed-free crop although to a 
smaller extent . When wild radish was used as the weed, the ear size, 
grain weight and fertile shoot production were reduced by weed compe-
tition. The addition of nitrogen increased the tillering in the weedy 
crop and the ' head size in the clean crop. Godel (15) reported that 
these same effects are exerted on cereal crops by annual weeds. The 
yield of the clean and the weedy crop was not increased by the addition 
of nitrogen . Blackman and T . pleman ( 6) concluded that there was some 
factor other than fertilizer effective in depressing the yield of the 
barley. When oats was used as the test crop, addition of nitr?gen 
raised the yield of the weedy crop to that of the weed-free crop that 
received no nitrogen. 
Wild radish was allowed to grow in competition with oats for vacy­
ing lengths of time, after which the wild radish was removed. From 
this experiment, Blackman and Templeman (6) found that if competition 
was allowed to continue past the seedling stage of the crop, the 
6 
number of  tillers was reduced as well as the rn.unb�r of fertile shoots 
_ and grains per panicle. The authors concluded that the intenslty of 
competition between the weed and the crop had already passed the maxi­
mum before wild radish was in - full flower. 
The Effects of Competition for Moisture 
Staniforth ( 29 ,  31) , in working with soybean-foxtail competition, 
found that yield reductions due to competition were small when soil 
moisture was adequate over the entire growi11.f; season, limiting to plant 
growth throughout the growing season or limiting until the end of July 
and then adequate throughout the growing season. When soil moisture 
was adequate until the end of July and then limiting , bean production 
was reduced about 14 per cent. The difference in the competitive 
effects of the three major species of foxtail was due primarily to 
differences in the mature plant yields of the species. Staniforth and 
Weber (32) found that soybean yield was reduced about 10 per cent when 
foxtail (Setaria �.), smartweed (Polygonum rn- ) ,  and velvet leaf 
(Abutilon Theophrasti Hedic )  were allmi�d to remain in competition 
for the entire season. The yield reductions were roughly proportional 
to the a�ount of growth made by the weeds. The presence ·of all three 
weed species delayed maturity about one day , decreased height about 
2 inches and increased lodging of soybeans 2 to 6 per cent ; this was 
also true when Ipomoea purpurea (L. ) Roth and !•  hederacea (L.) Jacq. 
were  grown in competition with soybeans as reported by Wilson anq 
Col� (42) . They (42) also found that the morning�glories· had to be 
controlled for 6 to 8 weeks after planting of the · soybeans .  
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Dawson ( 9 ) ,  in his work �Tith irrigated field beans , (Phaseolus 
vulgaris L .), concurs l-rlth Wilson and Cole (42) that the weeds must 
be controlled for the first 7 weeks or so after the field beans are 
planted . For the remainder of the grow:i.ng season the beans can effec­
tively control the annual weeds by competition. 
Weber and Staniforth (38) found that the density of the soybean 
plants per foot of row was important in detennining the amount of 
yield reduction from annual weed competition. They report that soy­
bean stands below 9 to 11 plants per foot of row increased severity 
of the yield loss due to the increased growth of the weeds. If compe­
tition was allowe-d to go past early August , yield reductions were more 
severe. 
The Competitive Effects of Weed and Crop Density 
When Setaria faberii Herni�. , at densities ranging from O to 54 
plants per foot of row crop, was grown with corn and soybeans (21) , 
the yield was reduced 25 per cent for corn and 28 per cent for soy­
beans . As the foxtail increased there was a decrease in grain, cobs , 
stalks or straw, corn stalk diameter, ear weight , light intensity be­
neath the crop , soil temperature under corn, and number of soybean 
pods. 
Staniforth (28) was able to decrease the corn yield reductions 
from Setaria �- infestations from 20 p er cent to 5 per cent by 
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heavy applications of nitrogen fertilizer . The genetic m·akeup of the 
plant, in this case corn , affects its competing ability for nutrients 
with weeds (30 ) . Jorge and Staniforth (18) found that the growth and 
yield of Setari.a �• were depressed when the corn population was in-
creased. 
When smooth pi�1eed (Amaranthus hybridus L. ) was grown by Mooloni, 
Knake and Slife (24) in different densities with corn and soybeans, 
the heaviest stand of smooth pigweed reduced corn yields an average 
of 39 per cent and soybean yields an average of 55 per cent. Increas­
ing intensities of competition resulted in a decrease in yield of 
grain, cobs, stalks or straw diameter of corn stalks, height of crop, 
and soybean pods per plant. 
Vengris, Colby and Drake (37) working with pigweed (Amaranthus 
�. L. ) and lambsquarters ( Chenopodium album L.) in competition with 
corn, and Bandeen ( l1-) working with quackgrass (Agropyron repens (L.) 
Beauv.) in competition with corn, found that the weeds did poorly on 
soils with low fertility. When fertilizers were added, weeds in­
creased fn size and vigor , and the addition of fertilizer did not bring 
the yield of the weedy plots up to the level of the weed-free plots 
with lower fertilizer rates. 
Nelson and Nylund (25), working with several different weeds in 
peas (Vigna �.), found .that the effect of white mustard (Brasica 
hirta Maench) and foxtail millet ( Setaria italica (L.) Beauv. ) on 
peas varied, depending on the weed population, duration of compet�tion, 
relative time of pea and weed emergence, and seasonal variations in 
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rainfall. The weed species affected the egree of . yield reductions , 
with 27 foxtail millet plants per square foot causing yield reductions 
comparable to those caused by three white mustard plants per square_ 
foot. The date of emergence of the weed and crop greatly affected 
the yield reductions. If white ust rd merged 3 days before the 
peas , pea vine fresh weight was reduced 54 per cent. If weed emer­
gence was 4 days fter pea emergence, the reduction was only 17 per 
cent . These results compare quite closely with the results of 
Williams (41) in his work with kale and laz bsquarters ( Chenopodium 
album L . ). If the weed obtained the initial advantage, the yield of 
kale was greatly reduced. If kale had the initial advantage there 
wa s no mortality. 
Lambsquarters a.nd barnyard grass ( E chinochloa crusgalli (L. ) 
Beauv. ) which -emerged soon after sugar be  ts were planted reduced 
yields the most , but exerted little influence on the yield of sugar 
beets until later than 12 weeks after planting. Weeds that emerged 
later were controlled by crop competition (10 ). Green foxtail 
( Set aria viridis ( L .  ) Beauv. ) and roug_. pigweed ( .Amaranth us retroflexus 
L. ) reduced yields of sugar beets at densities as low as one weed of 
each species per eight sugar beets. Two weeds of each species per 
one sugar beet reduced yield as much as 80 per cent when allowed to 
remain in competition the entire season. Foxtail at densities less 
than one plant per sugar beet did not reduce sugar beet yields. Rough 
pigweed at a density as low as one plant per eight sugar beets reduced 
the beet yield as reported by Br ·mhall , Chamberla.:in and Alley ( 7 ) .  
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Several other workers, (11, 23, 27, 3 5 ,  36 , 40 , 41) . working with 
different weeds and crops, have reported that the duration of com­
petition and the intensity of competition of the weeds with the crops 
are of extr e im ortance in r dncing yield loss. 
11 
MATERIAL AND MErHODS 
In experiments l and III, greenhouse pot cultur es were used to 
study the effects of density and duration on competition of wild 
buckwheat with spring wheat. In experiment II , the effects of differ-
. .  
ent levels of fertility, density, and duration on competition between 
wild buckwheat and spring wheat were studied. 
All experiments required uniform seed germination so that kno\m 
numbers of seedlings of uniform age for both the weeds and the crop 
could be established each time plantings were made. 
Seed Sources and Germination 
Wild bucklihe�t (Polygonu.m Convolvulus L.) seed was harvested 
prior to 1963 an used for all subsequent experiments. The wheat was 
spring wheat (Triticum vulgare), variety P mbina, Canada Registered 
number 1, se cond generation, treated with a-methyl-mercury dicyandiamide 
fungicide called Panogen. 
Stevens {3l�) and Justice (19 ) showed th t storage at room tem­
perature for old seed and at 2 C to 4 C in moist cotton for newly 
harvested seed shortened the dormancy period. The highest _ degree of 
gennination was obtained when the wild buckwheat seed was germinated 
on moist medium at 20 C. 
Wheat and wild buckwheat seeds for these studies were germinated 
on moist paper in a incubator at 15 C. Since the wild buckwheat 
required a longer period for germination, the weed seeds were placed 
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in the incubator 2 days ahead of the crop seeds . ·rpe wild buckwheat 
seed was treated with tetrachloro-para-be.nzoquinone, a fungicide 
called Spurgon. This -procedure insured a supply of germinated seed 
of the sa-rne age for both crop and weed .  After the fourth day of 
incubation for the wild bucln1heat and the second day for the wheat , 
germinated seeds were planted. 
Soil and Container Preparation 
The soil for these studies was obtained from the greenhouse 
soil bin. 11he soil was screened through a 6-square millimeter screen 
and mixed with sand in the proportion of 3 parts soil to l part sand. 
Soil samples of the soil-sand mixture were taken, and soil analysis 
was conducted by the soil testing laboratory at South Dakota State 
University. The results of these soil tests are shown in Table 1. 
Experiment I was conducted in the greenhouse during the winter 
of 1964-65. Experiment II was conducted in the field during the 
summer of 1965 , and Expe�:iment III was conducted in the greenhouse 
during the winter of 1965-66 .  
The pots in these studies consisted of number 10 tin cans lined 
with polyethylene bags and a three-eighths-inch hole provided in the 
bottom for drainage. The number 10 cans used in these experiments 
are approx:iJi..1ately one galton in volume. Anniger, Dean, Mason and 
Koch (1 ) concluded from their work with dif.ferent pot sizes and types 
that for alfalfa, and probably for several other plants, greenhouse 
experiments can be conducted just as accurately using pots ranging in 
volume from 1 gallon to 3 gallons as those using larger containers. 
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Table 1. Soil test results of soil-sand mixture used in experiment I, II, and III 
Organic Matter Phosphorus Potassium pH Sol. Salts 
Experiment Percent lbs.LA. lbs.LA. 1 : 1  " ECXlo3 Texture 
I & II 2. 5 19 139 7. 5 . 67 Sandy · 
Clay 
Loam 
III 2 .3 61 160 6 .9 .26 Sandy 
Loam 
t; 
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In all of the studies, the previously prepared . cans w·ere filled 
with 3. 1  kilograms of the soil sand mixture before . planting was be­
gun. 
Planting and Care of Plants 
The newly germinated seeds were carefully planted and covered 
with approximately 0 .5 inch of· soil, a depth suggested by Forsberg 
and Best (14-) as being in the range for best emergence of wild buck­
wheat . Pla..riting was accomplished by r emoving a predetermined amount 
of soil from the can. · Approximately 190 milliliters of tap water 
were gently poured over the soil, and seeds for twice  the desired 
number of seedlings planted. The previously removed soil was re­
placed and 380 milliliters of tap water poured onto the soil through 
several layers of cloth to pre�ent excessive movement of the soil. 
Five days after emergence, the plants were thinned out or plants 
were transplanted as required to bring the plant populations to the 
desired level. 
���:iments I and III, grown in the greenhouse, were grown under 
· an uninterrupted U.-hour photoperiod .  Fluorescent lighting was used 
to extend the natural daylight in Experiment I. Experiment . III was 
illuminated throughout the 14-hour photoperiod . A temperature range 
of 65 F to 75 F was maintained as rigidly as possible by the use of 
a thermostatically controlled heating unit and automatic window openers. 
Experiment II was a pot experiment with the pots sunk in the soil 
approximately three-fourths of their depth, with successive replications 
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being set out from May 28 to June 1, 1965. The pots were placed in 
a grid pattern with 4 inches separating each pot , a s  suggested , with 
some modifications, by Hammerton (16) . In all of the studies the 
plants were watered frequently to keep the soil moist a.t all times. 
In experiment II, the different fertility levels were calculated 
prior to filling the pots with soil. As the soil was weighed, the 
prescribed amount of fertilizer was throughly mixed with the soil for 
2 minutes by the use of a vee blender . 
Harvest Procedure 
The wheat was harvested by r oving the spikes with a pair of 
scissors . The spikes were threshed by placing an individual head in 
a soft rubber tube and rolling the tube on a hard surface . The chaff 
was gently blown out and the threshed ,meat placed in paper envelopes 
for storage until seed counts and weights could be taken . 
Sampling Procedure 
The data collected in experirnents I and III consisted of total 
dry weight , date of anthesis, height of plants , vegetative weight , 
kernel weight, number of kernels per pot , total number of tillers, and 
the ratio of kernel weight to vegetative weight . All data were col­
lected for wheat. The total dry weight was collected for wild buck­
wheat in experiment I only. 
Experiment II was a leaf area-dry weight study, with both the ­
wheat and wild buckwheat b eing harvested at 14-day intervals from the 
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date of a�ergence to harvest. The leaf area of the . wheat was esti­
mated by cutting a 2-centimeter section from ea.ch of 10 leaves from 
a pot and measuring the width of these 2-centimeter long sections. 
Both the sample and subsample w·ere oven dried at 80 C, allowed to cool 
in a desiccator, and immediately weighed to the nearest milligram. 
This figure was then rounded off to the nearest decigram. From these 
data, a simple proportion equation was set up to estimate the total 
leaf area of the sample . The procedure follows in part the procedures 
suggested by several workers (2 , 3, 8, 20). Since the subsample was 
only 2 centime vers 1011.g ,  the area of the subsample was best estimated, 
by preliminary experimentation, by k=l in the fonnula A=k x L x W, 
where A=area, k=constant, L=length and W=width. 1 
The wild bucbrheat leaf area was estimated by the method proposed 
by Heinicke (17) . A transparent grid was prepared which had dots in 
the center of a 0 .25-square centimeter area. This grid was laid over 
a subsample of 10 wild buch�rheat leaves, and the number of dots covered 
by the leaves was counted. The number of dots times  the area of the 
square (0.25 cm.2) gave an estimate of the subsample area. The sub­
samples and sa�ples were oven dried, cooled, and weighed as previously 
explained for the wheat. Again the simple proportion equation was 
used to obtain an estimate of the area of the total sample. 
Experimental Design and Treatments 
Experiments I and III -were designed as a randomized complete 
block design with four replications .  A fifth replication was planted 
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to provide replacement pots if needed . The treatments consisted of 
all combinati ons of three, six, and nine w:i 1d buckwheat plants in 
competition with three wheat plants per pot . Duration of competition 
was for 20, Li-0, 60, - and 80 days and until harvest in experiment I. 
In · experiment I and III a check was included that contained no wild 
buckwheat plants .  For experiment III the duration of competition 
was 10, 20, 30, 40, 60, and 80 days . 
Experiment II was a 4xl+xl+ factorial eA'})eriment with four repli­
cations . The treatments consi sted of all combinations of four levels 
_of fertility, these being no fertilizer, the recommended amount of 
fertilizer or 178 milligrams per pot, one-half the recommended a.mount 
or 89 milligrams and two times the recom.rnended amount or 356 milligrams 
of a prepared ferti lizer . This fertilizer had 17. 8-17 . 8-17. 8  of 
nitrogen, phosphorus, and potassium respectively. The density of 
wild buckwheat was zero, three, six, and nine plants per pot. Duration 
consisted of 14, 28, 42 and 56 days. All combinations of these levels 
gave a total of 64 treatments, and each treatment was duplicated in 
each replication, giving a total of 128 pots i n  each replication. 
There were three wheat plants per pot in all three experiments . The 
wheat seed was planted approximately in the center of the pot and the 
wild buckwheat seed randomly distributed over the soil surface. 
Dunnett ' s  one-sided comparison used in this study is at the 5 per 
cent level. 
All st atistical analyses  were made as presc ribed by Steel and 
Torrie (33 ) . 
EXPERIMENTAL RESULTS 
. Green House·Experiments 
Experiments I and III were very similar and the results for 
b�th experj_ments are reported together. 
Yield of Hheat Shoots (196h-1965) 
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The means of the total dry weight of the wheat shoots produced 
in 1964-1965 are sho m in Figure 1 .  The analysis of variance for 
these data is shm-m in Table 2 .  Table 3 presents the results of the 
Student-Ne'Wlllan-Keuls' test. 
Table 2. Analysis of variance of the yield of top gror.rth of wheat , 
grown in -competition . with wild buckwheat, during 1964-1965 
Source of Variation df MS 
Replications 3 0. 27 
Treatments 15 5 . 6� 
Error 45 0.86 
Total 63 
-38<-Significant at the 1% level • . 
The yield of weed-free wheat ( 0-0)  and wheat grown in competition 
with three bu.ckwheat plants for 20 days was significantly higher than 
the yield from wheat grmm in competition with buckwheat for more than 
20 days. 
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Figure 1. - Total yield of top growth of wheat, grown for 20 . to  83 days in 
competition with zero to  nine wild buckwheat 
plants  per pot, during 1964-1965 
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Table 3. Student-Ne,·m1an- ' euls' test of the yield of wheat · shoots , 
grown in competition with wild buckwheat, · cturing 1964-1965 
Treatment* Grams of Top Gro rth Signific_ance� 
3-80 4 . 62 a 
. . 9-60 4. 69 a 
9-80 4. 73 a 
6-80 4. 82 a 
9-40 4.86 a 
6-83 4·. 93 ab 
9-83 5.06 ab 
6-60 5. 17 ab 
6-40 5. 60 ab 
3-83 5. 89 ab 
3-60 6 . 29 abc 
9-20 6. 65 a.be 
3-40 6.66 abc 
6-20 7.08 be 
0-0 7.63 C 
3-20 8 . 47 C 
* First digit is the number of vdld buckviheat plants per pot, the 
second number ' is  the numb r of days of competition. 
-�rea.ns which do not differ significantly at the 5% level are 
indicated by the srune letter 
Figure 1 shows that there was a trend of decreasing dry weight 
of wheat shoots as the density of wild buckwh eat and duration of 
competition increased. 
Yield of wbcat Shoots (1965-1966) 
The means of the total dry weight of wheat shoots, grown in 1965-
1966, are  sho,-m in Figure 2. The analysis of variance for these data 
is sho�n1 in Table 4 .  Table 5 pres ents the results of the Student- · 
NeHm.an-Keuls' test. 
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The yield of weed-free wheat (0-0) and wheat that only - had 
buckwheat plants for 10 days , regardless of the buckwheat density 
was higher than the yield · from most of the other treatments. There 
was a definite decline in the dry matter produced for the first 
30-day period. After 30 day s of competition there was little or no · 
effect of the treatments on the total dry matter produced. 
Table 4 .  Analysis of vari nee of the yield of wheet shoots produced 
by wheat, grown in comp tition with wild buckwheat, during 
1965-1966 
Source of Variation 
Replications 
Treatments 
Error 
Total 
�Significant at the 1% level. 
df  
3 
18 
54 
75 
MS 
0. 17 
3 .08� 
0 .27 
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Figure 2. Dry weight of top growth of wheat grown·for 10 to 80 days, 
in competition with zero to nine wild buckwheat plants per 
pot, during 1965-1966 � 
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Table 5 .  S uudent-Newman-Keuls I test of the yield o·f. top growth of 
wheat, grown in competition with wild buckwheat, during 
1965-1966 _ · 
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Treatment* Grams of Top Gro rth Significance��} 
· 9-80 4. 09 
9-60 4 . li-4 ab 
6-60 4 . 52 ab 
. 9-40 4 ,. 56 ab 
6-80 4. 58 ab 
9-30 4. 64 ab 
6-40 4 .74 ab 
3-60 4. 92 abc 
3-80 5 .11 abed 
9-20 5.3 5 bed 
6-30 5 .37 bed 
3-30 5 . 61 bcde 
3-40 5.64 bcde 
6-20 5 . 93 cde 
3-20 6. 12 de 
9...;10 6 . 65 e 
3-10 6 . 69 e 
0-0 6. 74 e 
6-10 6. 74 e 
* First digit is the rn.unber of wild buckwheat plants per pot and 
the second number is  the number of days of competition. 
iH<f.!eans which do not differ significantly at the 5% level are 
indicated by the s me letter . 
Dry Weight of Wild Buckwheat Plants ( 1964-1965 ) 
The dry weights of wild buckwheat plants are given in Figure 3 .  
The analysis of variance for the total dry weight s of wild buckwheat 
plants i s  shm,m in Table 6 and the Student-Ne1-1rnan-Keuls ' test is pre­
sented in Table 7 .  Pots with higher stand density 01� longer periods _ 
of competition produced more total dry weight of the wild buckwheat 
plants . 
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Figure 3 .  Mean dry weight of wild buckwheat grown 20 to 83 days, at densities 
of three to nine plants per pot in competition with spririg wheat , 
during 1964-1965 
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Table 6 .  Analysis o f  variance of the total dry weight o f  wild 
buckwheat ple.nts ,  grown in competition with wheat , 
durine 1964-1965 
Source of Variation df · MS 
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Replications 
Treatments 
Er:ror 
3 
14 
42 
59 
0. 28 
5.6�Hf 
0.34 
Total 
�-�S1.gnificant at the 1% level . 
Table ? .  Student-Newman-Keuls '  test of  the total dry weight of wild 
buclrnheat , grown in competition with wheat, during 
1964-1965 
Treatment;�- Grams of . Dry Weight Significance�-
3-20 . 10 a 
9-20 . 28 a 
6-20 . 60 a 
3-83 1 . 76 b 
6-83 1. 80 b 
3-40 1 . 87 b 
6-40 2 . 21+ be 
9-83 2.31 be 
3-80 2 .33 be 
3-60 2 . 36 be 
6-80 2 . 91 bed 
9-80 3.02 bed 
6-60 3 . 08 cd 
9-40 3 . 44 cd 
9-60 4 . 39 d 
�- Fir st digit is the number of wild buckwheat plants per pot and the 
second number i s  the nunber of days of competition . 
��leans whi ch do not differ significantly at the 5% level are 
indicated by the same letter . 
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Vegetative Yield of Wheat (196l}-1965) 
The means of the yegetative yield of the wheat are shown in 
Figure 4 .  The analysis of variance for these data is  shown in Table 
· 8. Table 9 presents the results of the Student-Newman-Keuls' test •. 
The wheat having the least amount of competition produced more 
dry matter than the wheat in competition for 40, 60, 80 and 83 days 
at densities of six or nine wild buckwheat plants and duration of 
80 days at a density of three bucb·rlleat plants. There was a definite 
trend of less dry matter produced as competition increased in time 
and density of wild buckwheat . 
Table 8 .  Analysis of variance of the vegetative , yield of wheat, 
grown in competition with wild buckwheat, during 1964-1965 
Source of Variation 
Replications 
Treatments 
Error 
Total 
�Significant at the 1% level. 
df 
3 
15 
45 
63 
MS 
0.19 
1.54�� 
0.32 
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Figure 4. Vegetative yield of wheat grown 20 to 83 days, in competition 
with zero to nine wild buckwheat plants per pot, 
during 1964-1965 
l\) 
-..J 
Table 9 .  Student-Newman-Keu.1s 1 test of the vegetative yield of 
wheat, gro-wn in competit:Lon with wild buck\,rheat , during 
1964-1965 
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Treatment* Grams of Vegetative Growth Signifi c-ance·�* 
9-60 2. 60 
. 6-80 2. 62 a 
3-80 2. 64 a 
9-40 2. 66 
6-83 2.72 a 
9-83 2 ·. 79 a 
6-60 2 . 82 ab 
9-80 2. 94 ab 
6-40 3.07 ab 
3-83 3. 28 abc 
9-20 3.36 abc 
.3-60 3 .53 abc 
3-40 3 . 71 abc 
0-0 3 .93 abc 
6-20 4.04 be  
3-20 4. 69 C 
* First digit is the number of wild buckwheat plants per pot and 
the second numl;)er is the number of days of competition . 
-lh'i-Means which do not differ significantly at the 5% level are 
indicated by the same l etter . 
Vegetative Yield of Wheat (1965-1966) 
The means of the vegetative yield of the wheat are shown in 
Figure 5. The analysis of variance for these data is shovm in Table 
10 . Table 11 presents the results of the Student-Nev-m1an-Keuls 1 test . 
The yield of weed-free wheat (0-0) and wheat that was in compe­
tition for only 10 days, regardless of the buckwheat density, was 
higher than the yield from any other treatment. There was a definite 
and significant decline in the yield of vegetative dry matter as the 
number of buckwheat plants and the length of time increased . 
29 
Table 10 . Analysis of variance of the vegetative yield from wheat , 
grovm in competition ith wild buckwheat ; during 1965-1966 
Source of V ri tion 
· Replications 
Treatments 
Error 
Total 
��Significant at the 1% level . 
elf 
3 
18 
54 
75 
MS 
0.07 
0. 78�� 
0.09 
Table 11. Student-Newman-Keuls' test of the vegetative yield of 
wheat, grown in competition with wild buckwheat, during 
1965-1966 
Treatment·�-
9-80 
9-60 
6-60 
9-40 
6-80 
9-30 
6-40 
3-60 
3-80 
9-20 
6-30 
3-30 
6-20 
3-40 
3-20 
9-10 
3-10 
0-0 
6-10 
Grams of Vegetative Yield 
2.32 
2 . 47 
2.50 
2 . 56 
2.57 
2 . 60 
2 . 66 
2. 70 
2. 89 
2. 93 
2.97 
3. 10 
3. 19 
J •. 22 
3. 28 
3.51 
3. 62 
3. 67 
3. 72 
Significance·�* 
a 
ab 
abc 
abc 
abc 
abed 
abed 
abed 
abcde 
abcde 
abcdef 
bcdef 
cdef 
cdef 
def 
ef 
f 
f 
f 
�- First digit is  the number of wild buckwheat plants per pot and the 
second number i s  the number of days of competition. 
�{eans which do not differ significantly at the 5% level are i�d±cated 
by the same letter. 
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Figure. 5. Vegetative yield of wheat grown 10 to 80 days, in competition 
with zero to nine wild buckwheat plants per pot , during 
1965-1966 
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Mature Plan He:i ght of Wheat (1964-1965) 
The analysis of variance for the plant height of wheat at 
maturity is shown in Table 12. 
Figure 6 indicates that the plant height was relatively con­
stant over the treatments used in this study. 
Table 12. Analysis of variance of the plant height of wheat at . 
maturity, after competing with \dld buckwheat , during 
1961"-1965 
Source of V riation df MS 
31 
Replications 
Treatments 
Error 
3 
15 
45 
63 
11.83 
8.2� 
5.56 
Total 
*Nonsignificant . 
Mature Plant ·Height of Wheat (1965-1966) 
The means of this data are sho�m in Figure 7. The analysis of 
variance of the plant heieht of wheat at maturity is present.ed in 
Table 13 . 
It was not established that the plant height of the wheat at 
maturity was affected by any tre�tment. 
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Figure 6 .  Mature plant height of wheat after growing 20 t o  83 days , in 
competition with zero to nine wild buckwheat plants per pot 
during 1964-1965 \,.v 
l\) 
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Table 13.  Analysis of variance of  the mature plant· height ·of. wheat ,  
grown in competition rith wild buc � �heat , · during .1965-1966 
Source of Variation elf 
Replications 3 
Treatments 18 
Error 54 
Total 75 
*Nonsignificant 
Number of Tillers Produced (1964-1965) 
MS 
9. 12 
4 .04* 
7 . 71 
The means of the number of wheat tillers produced are shown 
in Figure 8. Tho nalyois of variance for these data is shown 
in Table 14 . Table 15 presents the results of the Student-Newman­
Keuls ' test. 
The wh eat having the least amount of competition (3-20) pro­
duced significantly more tillers than the wheat in competition with 
nine buckl·1heat plants for l.iO days. 
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Figure ? .  Mature plant height of wheat grown for 10 · to 80 days, in competition 
with zero to nine wild buckwheat plants per pot, 
during 1965-1966 '-" +-
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Figure _ 8. Number of tillers produced by wheat grown 20 to 83 days, in 
competition with zero to nine wild buckwheat plants per pot 
during 1964-1965 
v.) 
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Table .14. Analysis of variance of the· number of tillers produced 
by wheat , grown in comp tition with wild buckwheat, 
during 196li--1965 
Source of Variation df . MS 
Replications 3 3 .11 
36 
Treatments 15 3 . BO-� 
Error 45 1. 92 
Total 63 
*Significant at the 5% lev 1 .  
Table 15. Student-Ne1-1man-Keuls ' test of the number of tillers 
produced by wheat, grown i n  competition with wild 
buckwheat, during 1964-1965 
Treatment* 
9-40 
6-83 
9-83 
6-hO 
3-83 
6-60 
6-80 
9-20 
9-60 
9-80 
3-80 
3-40 
3-60 
6-20 
0-0 
3-20 
Number of Tillers 
7. 0  
8. 0 
8. 0 
8. 2 
8.5 
s . 5 
8. 5 
8. 5 
8. 5 
8. 8 
8. 8 
9.5 
9. 8  
9.8  
10.5 
10. 8  
Significance�i} 
a 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
b 
* First digit is the munber of wild buckwheat plant s per pot and 
the second number i s  the number of days of competition. 
-r--�Means which do not differ significantly at the 5% level are 
indicated by t he same letter . 
Number of Tillers Produced (1965-1966) 
The average number of tillers ·produced by -rheat is given in 
Figure 9. The analysis of variance for the number of tillers pro­
duced is shoim in Table 16 . 
37 
It was not established that the nu.i"'!lber of tillers was affected 
by any treatmen ,. 
Table 16. Analysis of variance of the number of tillers produced 
by wh eat, gim-m in competition with wild buckwheat, 
during 1965-1966 
Source of Variation d.f MS 
Replications 3 1 .17 
Treatments 18 2 . 73* 
Error 54 1 . 23 
Total 75 
*Significant at the 5% level. 
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Figure 9.  Number of tillers produced by wheat grown 10 to 80 days·, 
in competition with zero to nine wild buckwheat plants 
per pot, during 1965-1966 vJ co 
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Number of Kernels Produced (1961l--1965) 
The means of the number of wheat kernels produced are shO\fil in 
Figure 10 . The analysis of variance for these data is shown in 
Table 17. Table 18 presents the results of the Student-Newman-Keuls 1 
test. 
The nwnber of kernels produced by weed-fre e  wheat (0-0) and 
wheat that only had three buckwheat plants for 20 days was signifi­
cantly higher than the yield from treatments having three buck.\vheat 
plants for 60 days or more and six or nine buckwheat plants for 40 
days or more . There was a definite decline in the number of kernels 
produced as the number of buck\iheat plants and the days of competition 
increased. 
Table 17. Analysis of variance of the number of kernels produced by 
wheat, grown in competition with wild buckwheat , during 
1964-1965  
Source of Variation 
Replications 
Treatments 
Error 
Total 
�-Significant at the 1% level. 
elf 
3 
15 
45 
63 
MS 
68 . 73. 
2 ,134.8Q1H�-
318 . 55 
140 . 0  [ r-
� 
120 . 0  
I I ,---
Cf) 100. 0 
rl 
I I I I I I I � 
I r--, ....--(l) 
s:: 
H 
Q) 
80 . 0  t h lh 
-� 
I r-r.-� ,---
0 r-
H 
(l) 
.0 
s 60 . 0  
40 . 0  
20. 0 
0 
Duration 0 20 20 20 40 40 40 60 60 60 80 80 80 83 83 83 
Density 0 3 6 9 3 6 9 3 6 9 3 6 9 3 6 9 
Days of competition and number of weed plants per pot 
Figure 10 . Number of kernels produced by wheat grown 20 to 83 days , 
f3 in competition with zero to nine wild buckwheat plants 
per pot , during 1964-1965  
Table 18. Student-Ne man-Keuls ' test of the number of kernels 
produced by wheat , grown in competition with wild 
buck rheat, during 1964-1965 
41 
Treatment�- Number of Kernels  Significance� '{-
9-80 75. 8 a 
. .  9-40 76. 8 a 
3-80 76.5 a 
9-60 77 . 8  a 
6-80 79 . 8  a . 9-83 83. 8 ab 
6-83 85 .0 ab 
6-60 87.0  a.b 
6-40 95 . 5  ab 
3-83 98 . 8  ab 
3-60 99. 5 ab 
3-40' 111.5 abc 
6-20 114 .5  abc 
9-20 124 . 2 be 
0-0 139. 2 C 
3-20 147. 8 C 
* First digit is the number of wild buckwheat plants per pot and 
the second number is the number of days of competition. 
��Means which do not differ significantly at the 5% level are 
indicated by the san1e letter. 
Number of Kernels Produced (1965-1966) 
The means of the nt1.t�ber of kernels produced are shown in Figure 
11. The analysis of variance for these data is shm-m in Table 19 � 
Table 20 presents the results of the Student-Newman-Keuls' test. 
The number of kernels of we·ed-free wheat ( 0-0) and wheat that was 
in competition for only 10 .days , regardless of the buckHheat density, 
was higher than that from any other treatment. There was a signifi­
cant decline in the number of kernels produc ed as the number of 
buckwheat plants and length of time increased. 
Table 19. Analysis of variance of the n nber of kernels produced 
by wheat, gro1>m in competition with wild buckwheat ,  
during 1965-1966 
Source of Variation elf MS 
42 
Replications 3 72.32 . 
Treatments 18 900 .13 .>,He-
Error 54 82. 60 
Total 75 
�Significant at the 1% le el. 
Table 20. Student-Nevnnan-Keuls ' test of the number of kernels 
produced by wheat , gro.m in competition with wild 
buckwheat, during 1965-1966 
Treatment·* Number of Kernels Significance� 
9-80 68 . 5  a 
6-4.0 75 .5 ab 
9-1.iO 75.8 ab 
9-60 76.0 ab 
6-60 76.5 ab 
6-80 77.0 ab 
9-30 79. 5 ab 
3-60 82 .2 abc 
3-80 83 . o  abc 
3-30 87.5 abed 
9-20 89 .0 abed 
3-40 90.0 abcde 
6-30 91. 6  bcde 
6-20 101. 8 cde 
3-20 106.0 de 
6-10 109.2 e 
0-0 112 .5 e 
9-10 - 113 . 8  e 
3-10 113 . 8 e 
* First digit is  the ntm1ber of wild buch1heat plants p er pot and the 
second number is the nmnber of days of competition .  
��-r-... eans l"rhic do not differ signifi'cantly at the 5% level are 
indicated by the s��e letter .  
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Figure 11. Number of kernels produced by wheat grown 10 to 80 days 
in competition with zero to nine wild buckwheat plants 
per pot, during 1965-1966 
80 80 80 
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c; 
Yield of Grain ( 1964-1965) 
The means of the grain yields. are shown in Figure 12 . The 
analysis of variance for these data is sho\m in Table 21 ; Taple 
- . 22 presents the results of the Student-Newman-Keuls r test. 
The treatments having three, six and nine buckwheat plants in 
competition with the whe?-t for 20 days and wheat that had three buck- · 
wheat _plants for 40 days produced significantly greater grain yields 
than any other treat. ent. In contrast, wheat plants that received 
competition for 80 days from nine buckwheat plants produced signifi­
cantly less grain than any other treatment. 
Table 21. Analysis of variance of the grain yield from wheat, 
gro�m in- competition with wild buckwheat , during 
196/-1--1965 
Source  of Variation df MS 
Replications 3 . 0 . 01 
Treatments 15 l .44� 
Error 45 0.23 
Total . 63 
��Significant at the 1% level. 
45 
Table 22 . Student-Ne,·nnan-Keuls ' test of the grain yield from wheat , 
grown in compe cition with wild buckwheat , during 196!��1965 
Treatment {r Grams of Grain Significance� 
· 9-80 
3-80 
9-60 
9-40 
6-80 
6-83 
9-83 . 
6-60 
6-40 
3-83 
3-60 
3-40 
6-20 
9-20 
0-0 
3-20 
1 . -79 
1 . 98 
2 . 10 
2.19 
2. 20 
2. 26 
2 . 28 
2 . 3 5  
2 . 53 
2 .61 
2 . 76 
2 . 95  
3 .06 
3 .30 
3 • . 70 
3 .80 
a 
ab 
b 
ab 
b 
be 
C 
d 
de 
e 
f 
f 
g 
g 
* First digit is the number of wild buckwheat plants per pot and the 
second number is the number of days of competition . 
�Means which do not differ significantly at the 5% level are 
indicated by the s8me letter . 
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Figure 12. Yield of grain produced by wheat grown -20 to 83 days , 
in competition with zero to nine wild buckwheat -
plants per pot , during 1964-1965 
-l=­°' 
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Yield of Gra · n (1965�1966 ) 
The means yield of grain are shm-m in Figure 13 . The analysis 
of variance for these data is given in Table 23. Table 24 presents 
the results of the Stuclent-Newm n-Keuls ' test. 
· · The yield of weed-free wheat ( 0-0) nd wheat that was in com­
petition for 10 days, reg .rdless of the buckwheat density, was higher 
than the yield from any other treatment. There was a significant 
decline in the yield of grain as the number of buckwheat plants and 
length of time incre�scd . 
Table 23. Analysis of variance of the yield of grain produced by 
wheat, grovm in competition with ,dld buckwheat, during 
1965-1966 
Source of Variation df MS 
Replications 3 0 .03 
Treatments 18 0 . 78� 
Error 54 0 .06 
Total 75 
��Significant at the 1% level . 
48 
Table 24 . Student-Nevrman-Keuls ' test of the y:i.eld of grain produced 
by wheat, grown in competition with wild buckv.rheat , during · 
196 5  1966 
Treatment�- Grams of Grain Signifi cance3/:--� 
·9-80 1 . 77 · a 
9-60 1. 97 ab 
9-40 2.00 ab 
6-80 2. 00 ab 
6-60 2. 02 ab 
9-30 2. 03 ab 
6-40 . 2. 09 ab 
3-80 2. 22 abc 
3-60 2. 22 abc 
6-30 2 . l�O bed 
9-20 2. 42 bed 
3-40 2 . 42 bed 
3-30 2 . 52 bcde 
6-20 2. 74 cde 
3-20 2. 84 de 
6-10 3.02 e 
3-10 3. 07 e 
0-0 3 . 08 e 
9-10 3 . 14 e 
* First digit is the number - of wild buckwheat plants per pot and 
the second number is the number of days of competition. 
*�Ieans which do not differ significantly at the 5% level are 
indicated by the same letter. 
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Figure 13 . The yield of grain from wheat grown 10 to 80 days , 
in competition with zero to nine wild buckwheat 
pla�ts per pot, during 1965-1966 +:­'° 
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Ratio of Grain to Straw Yield (1964-196.5 )  
The analysis of variance for the ratio of grain to straw weight 
is shown in Table 25. Figure 14 sho-rs that th er$ was no definite 
tend in the ratio of kernel weight to vegetative weight . It was not 
established that this ratio was affected by any treatment. 
Table 25. Analysis of variance of the ratio of grain yield to 
vegetative yield for wheat, grmm in competition with 
wild buckwheat, during 1964-1965 
Source of Variation df MS 
Replications 3 0. 01 
Treatments 15 o . o� 
Error 45  0 . 02 
Total 63 
*Nonsignificant. 
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Figure 14. Ratio of grain yield to vegetative yield for wheat grown 20 to 83 
days, in competition with zero to nine wild bucla�heat plants per 
pot, during 1964-1965 
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Ratio of Gra · n  to Str .w Yield (1965-1966) 
The ana. ysis of vari nee for the ratio of kernel weight to 
vegetative r.reight is presented in Table 26 . The means of the ratio 
of kernel weight to vegetative weight are shmm in Figure 15 . The 
results of the Student-Ne ·.man-Keuls' test were negative . 
It was not est blished that the ratio of kernel weight to 
vegetative weight was affected by any treatment. 
Table 26 . Analysis of varic nce of the ratios of the grain yield to 
vegetative yield of wheat, grown in competition with 
wild buckwheat, during 1965-1966 
Source of Variation df MS 
Replications 3 0 . 001 
Treatments 18 0 . 006-� 
Error 54 0.003 
Total 75 
*Significant at the 5% level . 
Days for Anthesis (1965-1966) 
The analy sis of variance for the days required to reach anthesis 
is shown in Table 27 . Table 28 shows the results of the Student-Newman­
Keuls' test. The means of the days required to reach anthesis is pre­
sented in Figure 16 . 
The wheat. that wa.s in competition with three buclmheat plants for 10 
days took a longer period of time to reach a.nthesis than the wheat that 
was in com etition rith nine buckwhe.? ..t plants for 30 ,. 40, and 60 days . 
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Figure 15. Ratio of grain yield to vegetative yield of wheat gro�m 10 to 80 days, 
in competition with zero to nine wild buckwheat plants per pot , 
during 1965-1966 
Vt 
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Table 27 . Analysi of ari ce of the days r quired for wheat to 
reach anthesis , hen grmm in competition with wild 
buckwheat dm--ing 1965-1966 
Source of Variation df MS 
Replications 3 2.47 
Treatments 18 5 . 71* 
Error 54 2 .70 
Total 75 
*Significant at the 5% level. 
Table 28 . Student Nei:rinan-Keuls I test for the days requir d· for 
wheat to r each anthesis when grown in competition with 
wild buckwheat during 1965-1966 
Treatment-r, Number -of Days Significance� 
9-60 44 . 2  a 
9-40 45 .0 a 
9-30 45 .0 a 
6-60 45 . 2  ab 
6-80 45 .5  ab 
6-40 45 .5 ab 
3-60 45. 8 ab 
9-20 46 .0  ab 
6-30 46 .0 ab 
3-30 46.0 ab 
3-20 46 .5  ab 
3-80 46 .5  ab 
6-20 46 . 5  ab 
9-80 46. 8  ab 
0-0 47.0 ab 
9-10 47 �0 ab 
3-40 47. 2 ab 
6-10 48 . 0  ab 
3-10 49 .5 b 
* First digit i s  the m.1.i--nber of wild b tckwheat plants :per pot and 
the second num er is the m1mber of days of competition. 
�-r,Heans which do not differ signific ntly at the 5% level are 
indicated by the same letter . 
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Figure 16. Days required for wheat to reach anthesis , when grown 10 to ·so days 
in competition with zero to nine wild buckwheat plants, during 
1965-1966 \Jl \Jl 
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Field Experiment 
Yield of Wheat Shoots 
The yield of wheat top growth is  shovm for the four levels of 
fertility in Figures 17, 18, 19 and 20. The analysis of variance of 
the data is  given in Table 29 and Dunnett • s  one-sided comparison of 
the means  for the different periods of competition is given in Table 
30. 
Higher yields of wheat were obtained from wheat that was allowed 
to grow longer periods before being harvested. However, it was not 
established that the main effects of soil fertility or density of 
wild buckwheat had any ef.fect on the yield of wheat top growth . Like­
wise , there appeared to be no interaction between fertility, density 
or length of competition . Lack of any apparent response to some of 
these factors may be partially due to the fact that du.ration, density 
and the interaction between fertility and density did not produce the 
same effects on all repli .cations. 
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l 
= Density of zero ,-,ild buckwheat plants per pot 
7 . 0 C2 
= Density of three wild buckwheat plants per pot 
c3 = Density of six wj_ ld buck\ heat plants per pot 
c4 = Density of nine wild buckwheat plants per pot 6. 0 
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4 . 0 
ti) 3 . 0 
2 . 0  
1 . 0  
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Days of competiti on 
Figure 17 . Mean yield of wheat shoots grown 14 to 56 days in competition 
with z ero to nine wild buckwheat plants per pot without 
the addition of _ fertilizer (b1 ) 
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cl 
= Density of zero wild buckwheat plants per pot · 
c2 
= ·Density of three wild buckwheat plants per pot 
C = Density ·of ·six wild buckwheat plants per pot 
3 
C4 = Density of nine wild buckwheat plant.s per pot 
14 28 42 
Days of competition 
Figure 18 . Mean yield of wheat shoots grown 14 to 56 days 
in competition with zero to nine wild buckwheat 
plants per pot that received 89 milligrams of 
fertili zer ( b2 )  
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Table 29. Anal ysis of variance of the yield of wheat shoots grown 
14 to 56 days in competition with zero to nine wild 
buckwheat plants on four levels of soil fertility 
Source of Variation df MS 
59 
· Tr atments 63 l82.9•rdf . 
A=:=duration 
&=fertility 
C=density 
AB 
BC 
AC  
ABC 
R=replications 
Ex:peri.Inental error 
RA 
RB 
RC 
RAB 
REC 
RAC 
RABC  
Sampling error# 
Totalt1 
* Significant at the 5% level. 
�Significant at the 1% level . 
3 337. 5-:� " 
3 4. 2  
3 12. 1 
9 0.9 
9 1. 5 
9 3 . 0  
27 1 .6  
3 1s.1-r� 
189 1 . 8  
9 4. 1-�-� 
9 1 . 1  
9 3 . 4�-r, 
27 l . l1-
27 1 . 5* 
27 1 . 8* 
81 1 .  7->/,.-'/,. 
255 1.0 
510 
# S mpling error and total degrees of freedom were reduced by 1 
due to calculation of a missing pot. 
Table 30 , Dun..11ett I s one-sided c.omparison of the yield of wheat 
shoots gro\-m 14 to 56 days in · competition with i,•tlld 
buckwheat 
Dais of ComEetition 
28 42 
Grams of 
56 
shoot-�- 0 .19 0. 88 1 . 82 3 . 76 
*Difference required to be significant is o .  59 . 
? . O 
6 . 0 
5 . 0 
H 
4 . 0  
3 . 0 H 
(.J . 
2 . 0  
1 . 0  
0 
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cl = Density of zero ·wild buckwheat plants per pot . · 
c
2 
= Density of three wild buckwheat plants per pot 
C3 = Density of six wi.ld bucki...rheat plants per pot 
C4 = Density of nine wild. buckwheat plants per pot 
C 
1 
14 28 42 
Days of c·o:npeti tion 
Figure 19 . Mean yi eld of wheat shoots grown 14 to 56 days 
in competition i.-,ith zero to nine wild buckwheat 
plants per pot that received 178 milligrams of 
fertilizer (b3 )  
56 
7.0 
6. 0 
5 . 0 
4 . 0 
t� 
3 . 0 
2 . 0  
1 . 0  
0 
cl 
= Density of zero wild buckwheat plants per pot 
c2 - Dcmsity of three wild buckwheat plants per pot 
c3 = Density ·of six Hild buckwheat plants per pot 
c
4 
= Density of ni ne wil d buckwheat plants per pot 
14 28 42 
Days of competition 
Figure 20 . Mean y:i eld of wheat shoot s grown 14 to  56 days  
in competition with z, ero to nine wild buckwheat 
plant s per pot that received 3 56 milligrams of 
ferti lizer ( b4) 
61 
56 
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Leaf Area of Wheat 
The square centimeters of lec\f area produced by whe_at on four 
levels of fertility are shown in Figures 21 , 22 :, 23 and 24. The 
analysis of variance of these data is given in Table 31 and Dunnett ' s  
one-sided comparisons for duration of competition, soil fertility 
level and density of weed population are given in Tables 32, 33 and 
34 respectively. 
Wheat plants produced more leaf area as the period of competition 
lengthened . They produced significantly more leaf area at the end 
of 8 weeks than at the end of 4 weeks and significantly more in 4 
weeks than in 2 weeks . Wheat in pots receiving 178 or 3 56 milligrams 
of fertiliz er produced significantly more leaf area than in pots that 
received no fertilizer. However, leaf area was significantly less on 
wheat plants grmm in competition with six or nine wild buckwheat 
plants than when grm·m alone. There was no interaction among these 
three main effects. 
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of zero wild buck\-vheat plants per pot 
of three wild buck\-vheat plants · per pot 
of six wild buckwheat plants per pot 
of nine wild buckwheat plants per pot 
28 42 56 
Days of competition 
Figure 21 .  Mean area of  wheat leaves grm--;TI 14  to 56  daJrs in competition 
with zero to nine wild buckwheat plants per pot without the 
addition of fertilizer ( b1 ) 
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Figure 22 . Mean area of wheat leaves gro,...m 14 to  56 days in competition 
with zero to nine wild buckwheat plants per pot that received 
89 milligr��s of fertilizer ( b2 ) 
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of zero wild buckwh eat plants per pot 
of three wild buchrheat plants per pot 
of six wild buckwheat plants per pot 
of nine ·wild buckwheat plants per pot 
28 42 56 
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Figure 23 . Mean area of wheat leaves grovm 14 to 56 days in competition 
with zero to n..-tne wild buckwheat plants per pot that received 
178 milligrams ·of fertilizer (b3
) 
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600 cl 
= Density of z ero wild buckwheat plants per pot· 
c2 = Density of three wild buckwh eat plants per pot 560 
520 
c3 = Density of s'j_x wild buckwheat plants per pot 
c
4 
= Density of nine wild buckwheat plants per pot 
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Days of competition 
Fi gure 24 . Mean area of wheat leaves grown 14 to  56 days in 
competition \d_th z ero to nine wild buckwheat plants per 
pot that received 3 56 milligrams of fertilizer (b4 ) 
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Table 31. Analysis of variance of the wheat leaf area grown 14 to 
56 days in competition with zero to nine wild buckwheat 
plants i n  four levels of soil fertility 
· Source of Va iation 
Treatments 
A=duration 
B=fertility 
C=density 
AB 
BC 
AC 
ABC 
R=replications 
Experimental error 
RA 
RB 
RC 
RAB 
RBC 
RAC 
RABC 
Sampling error# 
Total# 
�- Significant at the 5% level. 
��Significant at the 1% level . 
df MS 
63 30, 907 . 3-r& 
3 481 , 829 • 4�-* 
3 38 , 213 • 2-�� 
3 50, 458 .8* 
9 6, 188 . 7  
9 4, 238 .8 
9 8 ,471 . 8  
27 2,428. 3 
3 72,633 .0-�.-¾-
189 5 , 459.7 
9 16 , 146 . 2-,h'{-
9 4, 715. 3 
9 11, 703 . 1-r� 
27 3, 555 . 5  
27 6, 615 . z,Br 
27 5 , 619.9�f-
81 3, 857. 5 
255 3, 405 . 3 
510 
# Sampling error and total degrees of freedom were reduced by 
1 due to calculation of a missing pot. 
Table 32. Dunnett ' s one-sided comparison of the wheat leaf area of 
wheat grmm 14 to 56 days in competition with wild 
buckwheat 
Da;ys of Com:2eti tion 
14 28 42 56 
Square 
centimeters 38 . 21 129 . 56 150 . 28 179. 25 
of leaf area:-� 
*Difference required to be significant is  37. 64. 
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Table 33 . Dunnett's one-sided compari son of the wheat leaf - area of 
wheat grmm 14 to 56 da s in co:npetition with zero to 
nine wild bucla1heat plants in four levels· of soil fertility 
MilligrDms of Fertilizer 
0 89 178 
Square 
centimeters 102. 70 119. 10 136. 58 
of leaf area,,(-
*Difference required to be significant is 20 . 36 .  
per Pot 
356 
138. 94 
Table 34. Dunnett's one-sided comparison of the yield of wheat shoots 
grmm 14 to . 56 days in competition with zero to nine wild 
buckwheat plants 
Square  
centimeters 
of leaf area�-
107. 94 . 
Wild Buckwheat Plants per Pot 
6 3 
110 . 96 126. 64 
*Difference r quired to be significant is 32. 04 .  
Yield of Wild Buckwheat 
0 
152.04 
The dry weight of wild buckwheat is shm•m in Figures 25, 26, �7 
and 28. The analysis of variance of these data is  presented in Table 
35. Dunnett's one-sided comparisons for the main effects is shown 
in Tables 36, 37, and 38. 
Higher yields of wild bucb;heat were obtained from buckwheat that 
was allowed to grow longer perioc s  before being harvested. Higher 
c2 
= Density of three wi1d bucbvheat plants per · pot . 
7 . 0 c3 
- Density of six wild buckwheat plants per pot 
C4 = Density ·of nine - wild buckwheat plants per pot 
6 . 0 
5. 0  
+' 
� 4 . 0 
"d 
3 . 0 
2 . 0  
1 . 0  
0 
28 42 
Days of competition 
Fi gure 25 . Mean yield of wild buckwheat grovm 14 to 56 days in 
competition with three ,-,heat plants per pot i.·rithout 
the addition of fertili zer (b1 ) 
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c2 = Density of three wild buclrnheat plants per pot · 
7 . 0 Density of six wild buckvvheat c3 = plants per pot 
c4 = Density of nine wild buckwheat plants per pot 
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Figure 26 . Mean yield of wild buckwheat grown 111- to 56 days in 
competition with three wheat plants per pot that 
recei ved 89 mil ligraius of fertilizer (b2 ) 
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c2 
= Density of three wild buckwheat plants per pot 
7 . 0 
c3 = Density of six wild buckwheat plants per pot 
C4 = Density of nine wild buck\vheat plants per pot 
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5. 0  c3 
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Figure 27 . Mean yield of wild buch1heat grown 14 to 56 days in 
competition with three wheat plants per pot that 
received 178 milligrmns of fertilizer ( b3 ) 
72 
yields of wild buc ·:he t were obt -ined from buckwheat that was grown · 
with six or nine bucl rhen.t plants per pot , than with three buckwheat 
plan s pe pot. The level of soil fertility did not have any effect 
on the yield of buc.-. ·rh at un il 3 56 milJ.igrams of fertilizer 1-1as 
applied. There appear d to be no int raction between the main effects 
except for the intoraction bet·Hecn density and length of competition. 
Response was obtained with increasing soil fertility, density of wild 
bucki-rheat plant s and length of growing period . 
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Table 3 5. Anc.lysi s of variance of the yield of wild buckwheat grown 
14 to 56 days in ccmpetit on with three wheat plants in 
four levels of soil fertility 
Source of Variation 
Treatments 
A=duration 
B=f e1�tili ty 
C=density 
AB -
BC 
AC 
ABC 
R=replications 
Experimental error 
RA 
RB 
RC 
RAB 
RBC 
RAC 
RABC 
Sampling error 
Total 
* Significant at the 5% level. 
�Significant at the 1% level. 
df 
47 
3 
3 
2 
9 
6 
18 
3 
141 
9 
9 
6 
27 
18 
18 
54 
192 
383 
·MS 
232.3•a 
292. ?�rA-
12. ?-w* 
30 . 6� 
- 6.2 
1 .3 
7 .()3/. 
0 . 5 
7.2 
J . O 
J .O 
3.1 
2 . 8  
4.3 
2 . 4  
2 . 6  
2 . 6  
J .O 
Table 36 . Dunne \Jt's  one-sided comparison of the yield of wild 
buckwheat groi-m · ll}- to 56 days in competition with wheat 
Grams of 
vegetativ e 
growth·� 
14 
0.14 
Days of Competition 
28 42 
0. 82 2.33 
�-Difference requi1'ed to be signifi cant is O . 59 . 
56 
4.04 
Table 37. Dun ett•s one-sided co parison o f  the yield of �ld 
buckwheat grown 1/+ to 56 days in competition with 
three wheat, plants at four levels of soil fertility 
Mill .gra-n.s of Fertj_l:i.zer --------� 
0 89 1?8 356 
Grams .of 
vegetative 
grm· t.:,h1'-
1. 46 1. 72 1. 80 2.32 
*Difference required to be significant is 0.59 . 
Table 38. Dunnett' s one-sided compo,rison v ,f the yield of wild 
buc a·rheat gro-wn 14 to 56 days t four levels of soil 
fertility and three levels of plant density 
3 .  
Plants ber Pot 9 
74 
Grams of 
vegct :1.tive 
growt}y3� 
1. 27 2.02 2.18 
*Difference required to be significant is 0.49. 
Leaf Area of Wild Bue {1,,1 mat 
The square centimeters of leaf area produced by wild buclaiheat 
on four levels of fertility are shown in Figures 29, 30, 31 and 32. 
The analysis of  variance of these data is given in Table 39 and 
Dunn0tt • s  one-sided comparisons for duration of competition and 
density of buckwheat population a . e  given in Tables 40 a.nd 41 
respectively. 
Wild buckwheat plants produced more leaf rea as the period of 
competition lengthened. They pro uced significantly more leaf area 
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c2 = Density of three wild buckwheat plants per pot 
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Figure 29 . Hean area of wild buckwheat leaves grov-m 14 to 56 
days in competition with three wheat plants and 
densities of three to nine wild buckwheat plants 
per pot without the addition of fertilizer (b1 ) 
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Figure 30 .  Mean area of wild buckwheat leaves grown ll� to 56 
days in competition with three wheat plants and 
densities of three to nine wild buckwheat plants 
per pot that received 89 milligrams of fertilizer 
( b2 ) 
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Figure 3 1 .  Mean area of wild buckwheat leaves grown 14 to 56 . 
days in competition "'.rith three wheat plants and 
densities of three to nine wild buckwheat plants 
per pot that received 178 milligrams of fertilizer 
( b3 )  
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Q) 
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Q) 
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c2 = Density of three wild buckwheat plants per pot 
600 c3 = Density of six wild buckwheat plant s per pot 
560 c4 = Density of nine wild buckwheat plants per pot 
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Figure 3 2 .  Mean area of wild buckwh eat leaves grm-m 1 4  to 56 
days in competition with three wheat plants and 
densities of three to nine wild buckt:-1heat plants per 
pot that received 3 56 milligrams of fertilizer (b4 ) 
at the end of 8 weeks than at the ·end of 4 weeks and significantly· 
more in 4 weeks than in 2 weeks. Wild buckwheat in pots containing 
six o r  nine wild buch�rheat plants produced significantly more leaf 
area than buclGvheat in pots containing three buckwheat plants. It 
wa_s not established that soil fertility affected the leaf area of 
wild buckwheat. There was no interaction among the three main effects. 
Table 39. Analysis of variance of the leaf area of wild buckwheat 
grown lll- to 56 days in competition with three wheat 
plants and densities of three to nine wild buckwheat 
plants in four levels of soil fertility 
Source of Variation 
Treatments 
A=duration 
B=fertility 
C==density 
AB 
BC 
AC 
ABC 
R=replications 
Experimental error 
RA 
RB 
RC 
RAB 
RBC 
RAC 
RABC 
Sampling error 
Total 
* Significant at the 5% level. 
*��Significant at the 1% level. 
df 
47 
3 
3 
2 
9 
6 
6 
18 
3 
141 
9 
9 
6 
27 
18 
18 
54 
192 
383 
MS 
147,302. 2-� 
1,609 ,272. 8�� 
124,911.2 
289,782.5* 
63,280 .2 . 
12,565 .9  
62,702.0 
6, 664.2 
43,504.3  
38,404. 6  
21,855. 6 
44,450.7 
30,968. 7 
52,820.2 
34,583.2 
28, 167. 0 
38, 459 . 8  
42,279 . 2  
80 
Table 40. Dunnett•s one-sided comparison of the leaf area of wild 
buck.1vheat grown 14 to 56 days in competition with wheat 
Centimeters 
leaf area1�-
14 
18 .2 
Days of Competition 
28 42 
121. 4 208. 1 
*Difference required to be significant is 50.6 .  
56 
323. 2  
Table 41. Dunnett 1 s one-sided comparison of the leaf area of wild 
buckwheat gro\m 14 to 56 days in competition with three 
wheat plants and densities of three to nine wild buck­
wheat plants per pot 
Centimeters 
leaf area·� 
3 
- 112. 9 
Plants ber Pot 
192.3 
*Difference required to be significant is 51. 41. 
9 
198.1 
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DISCUSSION 
The effects of different durations and intensities of rild 
buc -,heat on spring wheat were studi d in three experiments . The 
.factors studied consisted of total vegetative weight of wheat and 
wild buckwheat , leaf area of wheat and wild buckwheat , wheat vegeta­
tive weight, wheat plant ,height at maturity, number of tillers pro­
duced, number of kernels produced , kernel weight , ratio of kernel 
weight to vegetative weight and days to anthesis. 
Greenhouse Experiments 
The results of these studies indicate that the total plant 
weight of the wheat declines a s  the intensity of competition in­
creases. In the 1964-1965 data, Figure 1 ,  if three wild buckwheat 
plants were allowed to remain in competition with the wheat more than 
60 days, a significant reduction in the total plant weight of the 
wheat was obtained. Treatments 6-20 and 9-20 reduced the total plant 
weight approximately the same as treatment 3-l,,.0, with comparable r e­
sults obtained in the 1965-1966 data ( Figure 10). If competition 
was allowed to continue past 40 days, a significant r eduction of total 
plant weight was obtained at the lightest density. There were no 
significant differences in the total plant weights at any of the three 
densities if competition were allowed to continue for only 10 days. 
At the highest density , a large r eduction in total plant weight 
occurred b et veen the 10-day and 20-day termination dates. These 
results are similar to those of Williams (41), who reports that 
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lambsquarters exerts an early influence on the plant weight and leaf 
area of kale . vleber and Staniforth { 38 )  also report a decrease in 
dry matter yield of soybeans grown ·in competition with smartweed and 
foxtail, but the effects did not become significant until early August. 
Data on the total wild buckwheat vegetative - weight was collected 
in 1964-1965 (Figure 3 ). The wild buckwheat reached its maximum 
weight after about 60 days of growth . 1�e plant weight increased, 
after the 20-day termination date, as the density of the wild buck­
wheat was increased. In comparing the total wheat weight and the 
total wild buckwheat weight,  Figures 1 and 3 respectively, as the 
wild buckwheat weight increased the weight of the wheat declined. 
This same relationship was reported by Staniforth and Weber (32) in 
studying annual weeds grown with soybeans, and Mann and Barnes (23)  
in studying competition between barley and mayweed and spurrey. In 
general, the vegetative weight of the wheat for both sets of data 
followed closely that of the total plant weight for both years. If 
competition, at a density of nine wild buch��heat plants was allowed 
to continue past the first ·termination date, the vegetative weight 
- of the wheat was greatly reduced in the greenhouse experiments. If 
competition at a density of six wild buckwheat plants was terminated 
at the first termination date there was no significant reduction in 
the vegetative weight of the wheat. In general, however, as the 
density and duration increased there was a decrease in the vegetative 
weights of the wheat (Figures 4 and 5) . 
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In the greenhouse experiments the plant height was not . signifi­
cantly affected by any of the treatments (Tables 12 and 13). At a 
density of six wild buckwheat plants , there wa s a nonsignificant 
decrease in plant height after the 60-day tennination date in the 
19?5-1966 data {- Figure ?). These results are comparable with the 
results of Knake and Slife (21), who found little or no affect on 
corn height by Setaria f . berii L. However, Bandeen (4), in , orking 
with quackgrass and corn ; Moolani et al. (24), in working with smooth 
pigweed in corn and soybeans ; and Wilson and Cole ( 42) in working 
with morning-glory in soybeans all found a significant reduction in 
plant height as the intensity of competition increased. 
In the 1964-1965 experiment the number of tillers was reduced 
when competition was allowed to continue past the twentieth day. 
High wild buckw0-eat ·  densities reduced the number of tillers in less 
time than low wild buckwheat densities. As shown in Figure 8 ,  the 
number of tillers at treatment 3-60 is equal to the number of tillers 
at 6-20. In general , after the intensity of competition reached a 
certain point, in this case trea ment 6�40, th ere was no further r e­
duction in the number of tillers. In the 1965-1966 data there was 
no significant difference in the number of tillers produced.at any 
of the treatments. 
At a density of three wild buckwheat plants there was a decrease 
in the number of kernels produced when competition was allowed to 
continue past 10 to 20 days in both the 1964-1965 and the 1965-1966 
data (Figures 10 and 11) . There was an indication that the duration 
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of competition has a greater effect on the number of kernels than the · 
d ensity of the com etitor. These results are supported in work con­
ducted by Dawson (9 ) with annual weeds and field beans, Knake and 
Slife ( 21, 22) with giant foxtail and corn and soybeans, Nelson and 
Nyl_and ( 25 )  with · ·white mustard and foxtail millet with peas, and Swan 
and Furtick (3 5) with fiddleneck (Ansinckia interrrredia L. ) and winter 
wheat , ·ho all report that grain yield was reduced by competition in 
the early part of the growing season. 
Generally, the kernel weight follows �losely the data of the 
number of ke�nels (Figure 12 and 13 ) .  As the duration of competition 
increased, the kernel weight declined. The density of the wild buck­
wheat plants had lit·vle or no effect, on the kernel weight in both 
the 1964-1965 and the 1965-1966 - data. 
There was - l�ttle or no effect on the kernel weight to vegetative 
weight ratio by the various treatments (Tables 25, 26 and Figures 
14, 15 ) . 
If competition was allmved to continue past 10 to  20 days at a 
density of three wild buckwheat plants ,  the period of time required 
to reach the anthes:i.s stage was shortened, as is sho-wn in Figure 16. 
A significant difference was obtained in only the 1965-1966 study. 
Field Experiment 
The results of this study indicated that as the fertility of the 
soil and the density and duration of competition increased there was 
a significr-,..nt effect on the v eg eta ti ve dry weight of the wild buckwheat, 
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with the wheat being affected by duration, as is shown in Tables 
29 and 3 5 .  The different levels of fertility, density and duration 
had a significant effect- on the leaf area of the wheat and wild 
buckwheat , with the exception of fertility, which did not signifi­
cantly affect the leaf area of wild buckwheat, as is shmm in Tables· 
31 and 39 .  
With the exception of  the one-half-fertility level, as  the 
density of wild buckwheat and the duration of competition increased, 
there was a decrease in vegetative dry weight and leaf area of the 
wheat (Figures 17, 19, "20 , 21, 23, and 24). As i s  shm•m in Figures 
18 and 22, at the one-half-fertility rate the wheat grovm alone had 
the highest dry weight and leaf area at the 42-day harvest . At the 
56-day harvest the wheat grown a.lone had the second lowest vegetative 
dry weight and the largest leaf _ area . The wheat grown with densities 
of three and nine wild buch.--wheat plants had surpassed the wheat grown 
alone in yield of top growth. These results concur with the results 
of Robinson (27 ) in his work with annual weeds in competition with 
oats , wheat and flax. 
When wild buckwheat was grown with a constant amount of wheat , 
the vegetative dry weight increased constantly as the fertility of 
the soil, the density of wild buckwheat, and duration of competition 
increased. The dry weight and leaf area of the wild buclo;heat were 
continuing to increase at the conclusion of this experiment (Figures 
25 through 32). 
The competition o.f wild buckwheat at the . various level�· of 
density and duration decreased the leaf area and dry weight of the 
wheat . The addition of· fertilizer did not increase the dry weight 
of the wheat of the weedy crop to that of the weed free crop at 
lower fertility levels. 
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SUMYiARY ANO CONCLUSIONS 
The effects of densities of zero, three , six, and nine wild 
buck\-rheat plants having competition durations of zero, 20, '-',,O, 60,  
and 80 days in one study and zero , 10, 20, 30, 40 , 60,  and 80 days 
in· the · second study, growing with three wheat plants were studied 
in two greenhouse experiments. Plants were harvested after 83 days 
in . 1964-1965 and 85 days in 1965-1966 . Data on total plant weight 
of above ground parts, vegetative weight, number of kernels, kernel 
weight , plant height, and days to anthesis were collected. The 
total weight of above ground parts of the wild buckwheat was collected 
in the 1964-1965 experiment . The ratio of kernel weight to vegetative 
weight was calculated for both experiments . 
A pot culture study was used to  study the competitive effects 
of competition on leaf area and vegetative dry weights . In this study 
four levels of weed density and four levels of fertility for four 
harvest dates were used . The vegetative dry weights were collected 
and the leaf areas wer_e estimated using the grid system for the wild 
bucl�vheat and the formula A =  k x L x W, with modificat ions, for the 
wheat.  
The following conclusions are drmm : 
1. The competition of wild buckwheat at the densities and durations 
used in these studies . reduced the total plant weight, vegetative 
dr_y weight, number of kernels ,  and kernel weight of the wheat . 
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2 .  The plant height, number of tillers , and days required to reach 
anthesis  of the 1heat were not greatly affected by wild buckwheat 
competition . 
3 .  The wheat leaf area was reduced as the . density and duration of 
competition increased. 
4. At the densities of wild buckwheat u sed in these studies the 
duration of competition was. more effective in reducing the factors 
studied than the density of the weeds.  
5. The gr · at est effect on the wheat by the wild buckwheat was exerted 
when competition was allowed to continue past the first 10 to 
20 days. 
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